Scanning tunneling microscopy (STM) is a fundamental tool for determination of the surface atomic structure. However, the interpretation of high resolution microscopy images is not straightforward. In this paper we provide a physical insight on how STM images can suggest atomic locations which are distinctively different from the real ones. This effect should be taken into account when interpreting high-resolution STM images obtained on surfaces with directional bonds. It is shown that spurious images are formed in the presence of polarized surface radicals showing a pronounced angle with respect to the surface normal. This issue has been overlooked within the surface science community and often disregarded by experimentalists working with STM. Without loss of generality, we illustrate this effect by the magnification observed for pentamer-like structures on (110), (113) and (331) surfaces of silicon and germanium.
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The study of the atomic structure of a crystal surface often starts with scanning tunneling microscopy (STM) measurements. The positions of bright spots in high resolution STM images are then associated with exact atomic coordinates on the surface under scrutiny.
Although being generally accepted, such a connection is known to be imperfect with several deceiving cases being known. The STM images obtained from Bi-terminated Si(111) and It is clear that the interpretation of high-resolution STM images is not straightforward.
According to a simplified view, STM images obtained in a constant-current mode represent a combination of surface topography and local density of electronic states.
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Consequently, a full reasoning of such images, may only be possible upon some knowledge of the surface atomic structure (which is often unavailable), or with the assistance by ab-initio electronic structure calculations.
While the connection between the surface atomic positions and bright spots in STM images is often factual and correct (and so it may be the resulting model), we show below that surface geometry misassignments are likely to occur when the electronic polarization and hybridization of states at surface atoms are overlooked. We illustrate the occurrence of large offsets between bright spots from STM images and the corresponding atomic nuclei with help of a paradigmatic example, namely with the magnification of pentamers as seen in STM images of Si(331).
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Analogous pentameric structures were found on (110) and (113) surfaces of silicon and the (110) surface of germanium. The bright spots at the corners of one of the pentamers are connected by dashed lines. The distance between two nearest spots is about 3.5Å as derived from the experimental STM image in Fig. 1(a) . combined with a projection of a pentamer atomic structure. The brightest spot at the upper right corner of Fig. 2 shows a high intensity for the empty LDOS located near the Si radical at the upmost apex of the pentamer in Fig. 1(b) . Clearly, the radical state does not point upwards (along [331]), rather making an angle of about 22
• with respect to surface normal and away from the center of the pentamer. Since STM is intrinsically sensitive to LDOS, 3 and becasue the tip usually hoovers between 4 to 10 Å above the surface, This effect leads to broadening of the objects protruded out of the surface for the case of a dull tip. Comparing experimental and calculated STM images in Fig. 1 , we realize that the image in Fig. 1(a) is indeed affected by the latter effect -the experimental image is more diffuse than the calculated one. The contribution of the finite tip size effect to the magnification of the pentamers must be however minor. A 50% increase of the pentamer size (as observed in Fig. 1(b) ) would imply a severe and inhomogeneous broadening of the bright spots, which would not fit the experimental data. The observation of spurious images by STM as described above is not limited to the case of pentamers in the (110), (113), (331) surfaces of silicon and germanium. It should be observed virtually on any surface having directional dangling bonds whose axes are not normal to the surface. Of course this will essentially depend on the specific surface bonding and reconstruction details, which can be scrutinized by first-principles atomistic methods. 
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In conclusion, we demonstrated that the positions of bright spots in high resolution STM images and the actual coordinates of atomic nuclei may differ substantially. Elusive images can be formed on surfaces having dangling-bond states whose main axis differs from the surface normal, and that may lead to misinterpretation of the experimental data. Pentameric structures on Si(331) observed by STM provided a showcase for the above effect, which if taken into account, reconciles the conflicting theoretical and measured sizes of pentamers occurring on (110), (113) and (331) surfaces of Si and Ge.
Experimental and computational methods
The measurements were performed in an ultrahigh vacuum chamber (7 × 10 −11 Torr) on a system equipped with an Omicron STM. A clean Si(331) surface was prepared by sample flash annealing at 1250
• C for 1 min followed by stepwise cooling with 2
• C per minute steps within a temperature range 400-850
• C. The STM images were recorded at room temperature in the constant-current mode using an electrochemically etched tungsten tip.
Electronic structure calculations were carried using the density-functional plane-wave VASP code.
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The many-body exchange-correlation interactions were accounted for within the semi-local generalized gradient approximation. 
